This case study investigates the extent to which industry supplied computer-aided design (CAD) curriculum and team project-based learning impacts undergraduate engineering technology students' engineering design, problem-solving, communication, and group participation skills. Evidence for the study comes from nine mechanical and one electrical engineering technology students enrolled in an upper level design course. Instructional materials included a SOLIDWORKS supplied CAD guide and a team project. Part three of the Classroom Activities and Outcomes Survey measured the extent to which the students believed they had made progress in a variety of learning and skill development areas as a result of taking the course. Results indicate that the sequential use of the industry supplied CAD curriculum and the team-based project will produce learning gains in vital engineering skills for engineering technology students. The results support the belief that active and collaborative instructional methods are more effective than the more conventional instructor-led lecture-based. The techniques used and the outcomes from have implications for not only curriculum but also ABET accreditation, who requires institutions to demonstrate that their graduates develop 11 competencies. Three of which are included in this case study. The intent of this paper is to provide a resource for engineering technology educators and administrators on classroom instructional materials that will produce outcomes aligned with ABET accreditation requirements.
Introduction
It has now been over twenty years since the ABET dramatically changed their outlook and criteria for evaluating engineering programs (Prados, Pterson, & Lattuca, 2005) . It was in response to a call from engineering employers and visionary educational leaders to change the mold of the 21 st century undergraduate engineer student. Industry wanted "college graduates who could work in teams and solve real world problems" (Cabrera, Colbeck, & Terenzini, 2001, p. 329) .
Employers increasingly emphasized that success as an engineer requires not only strong technical capability, but also skills in communication and persuasion, and ability to lead and work effectively as a part of a team, an understanding of the nontechnical forces that profoundly affect engineering decisions, and commitment to lifelong learning (Prados et al., 2005, p. 168) .
Ultimately, ABET shifted its focus away from an emphasis on meeting curricular, resource, faculty, and facilities standards towards student learning outcomes and continuous improvement (Accreditation Board for Engineering and Technology & Engineering Technology Accreditation Commission, 2015, Strauss & Terenzini, 2005) . ABET, who accredits programs rather than schools or departments, emphasized that undergraduate engineering students shall not only possess strong mathematical, scientific, and technical knowledge but also be able to effectively design, problem-solve, communicate, and work in teams (Accreditation Board for Engineering and Technology & Engineering Technology Accreditation Commission, 2015) . A sample of the professional skills which are weaved in the 11 competencies that all programs must now demonstrate that their graduates have developed.
As the mold for an undergraduate engineering student began to change due to ABET's refocusing, the issue of how to help students develop the 11 competencies most effectively surfaced . Some believed that active and team-based instructional approaches would be more effective than conventional instructional methods (i.e. lectures/discussions) in helping students develop these vital engineering skills . A theory in part based on the general idea that active involvement by students and collaborative learning (e.g. team-based learning, peerlearning, and peer tutorial) would produce higher levels of professional skill development. The body of research investigating how best to educate 21 st century engineering technology students to meet ABET's 11 competencies has grown over the last two decades but opportunities to add to the body of knowledge are still present and needed (Bjorklund, Parente, & Sathianathan, 2004 , Turner, 2015 .
This paper describes a case study in which a small sample of senior engineering technology students were exposed to a design course that consisted of industry supplied curriculum (i.e. SOLIDWORKS guide) and a team project. In the context of this paper, industry supplied curriculum is defined as instructional material that was created and distributed by specific companies (e.g. Dassault Systèmes) from a particular field (e.g. computer-aided engineering). Initial motivation for the course design and investigation formulated from complaints expressed by past senior engineering technology students at Purdue Polytechnic New Albany during and after their senior capstones. This caused a faculty concern that the students were not fully prepared for senior capstones and ultimately were lacking skills, knowledge, and/or practice in the following areas.
The general opinion expressed by faculty and students to address these deficiencies, was a need for a course which would better prepare them for senior capstone. The hope for the course described in this case study is to grow engineering technology students' engineering design, problem-solving, communication, and group skills needed to be successful and excited about participating in a senior capstone sequence.
The purpose of the study was to investigate the relationship between instructional activities in an engineering technology classroom and students' self-reported skill development as a result of taking the course. For this case study, the following were the research questions:
 Are the students satisfied with the given industry supplied curriculum?  Are the students satisfied with the team project? 
Procedure and Setting
The three credit hour course took place in the spring 2016 academic semester at the Purdue Polytechnic New Albany campus in a typical CAD classroom/lab, containing desktop workstations (single monitors), white boards, projectors, and printers. The author was the professor of record and independently prepared the course. The course met twice a week for the first six weeks and as needed for the following 10 weeks. The 16 weeks were subdivided in the following categories:
 Weeks 1-6: Industry supplied curriculum  Weeks 7-16: Team project-based learning
During weeks 1-6, the instructor utilized the mountainboard student guide (Dassault Systèmes, 2013b) . Distributed online by Dassault Systèmes along with the accompanying mountainboard instructor guide (Dassault Systèmes, 2013a). All the lessons (i.e. 1-9) were assigned. After completing the guide, each student should have developed the skills needed to create 3D solid models and assemblies, fully define 2D dimensional drawings from 3D geometry, conduct simple static simulations, analyze motion, and clearly communicate their design intent with powerful visuals, such as detailed engineering drawings, animations, and photorealistic renderings. Typically, each week (two class periods) consisted of the following:
o Instructor presented the lesson(s) overview PowerPoint to the students. o Students were assigned to complete the lesson(s). The instructor emphasized following the guide with great detail and accuracy.
 Period 2:
o Class reviewed the previous lesson(s). Instructor displayed and discussed modeling practices/procedures for the corresponding models provided in the lesson(s). o Instructor administered an online quiz in regard to that weeks' lesson(s) o Students were assigned to complete the lesson(s).
During weeks 7-16, the instructor introduced a team project titled the mountainboard scope change project. The teams were presented with a fictional customer, who was a professional mountain boarder and sporting goods store owner. The customer asked each team to make the following changes (i.e. scope change) to the mountainboard which was previously produced:  Increase product value (i.e. increase potential sales)  Increase rider safety  Increase rider stability (does not count towards increased safety)  Increase manufacturability  All drawings shall be IAW ASME Y14.100-2004  Transition from purely mechanical to electromechanical (optional)
The objective of the project was to prepare students for industry-based design practices which generally occur prior to detailed prototyping and/or production manufacturing. The project is considered an open-ended challenge because each team was given the freedom to be creative and innovative in how they would meet the scope change requirements. Finally, each team was given a budget of $150 and tasked with delivering a mind map (review and final), preliminary design review (PDR), and critical design review (CDR) (see Figure 1 ).
Figure 1. Mountainboard Scope Change Project Sequence
The mind map was a live working document that the team used to visually organize information, such as design breakdown, resource allocation, project scheduling, design goals, budgeting, etc. (see Figure 5 ). The mind mapping software used was Coggle (www.coggle.it), which provides online real-time collaboration. Teams shared their mind map with the professor, which allowed for real-time change notifications, commenting, and progress tracking.
Each team had to arrange a PDR and CDR with the professor, who was acting as the fictional customer. At each design review the teams were allowed 45 minutes to present, and the meeting location was a standard conference room to represent industry norms. At PDR teams were tasked with delivering a level 2 (i.e. developmental) Technical Data Package (TDP) with 3D digital models and associated drawings. At CDR the TDP was to be at level 3 (i.e. production). See Appendix for small sample of team submissions at CDR. Project nomenclature, steps, CDR. An intermediate design review that occurs after the detail design is complete, and prior to the fabrication of prototypes or pre-production models. This review is conducted to evaluate the design against the detailed requirements. It has many of the components as a PDR including the provision of assumptions and calculations used in the design, project progress and risk management. A production assessment is often included. (p. 3)
Assessment
Overall, the students were graded on a weighted scale for the semester (see Table 1 ). The professor used a self-created rubric to evaluate each team's PDR and CDR (see Figure 2) . 
Data Source
At the end of the course, each student completed two online (Qualtrics) cross-sectional surveys. Each began with collecting student background and demographic characteristics. First, the mountainboard project survey was created by the instructor and consisted of 10 questions. On questions one and two students self-reported on their overall satisfaction with the industry supplied CAD guide and the team project by selecting a response on a five-point Likert scale (where 5 = extremely dissatisfied, 4 = somewhat dissatisfied, 3 = neither satisfied nor dissatisfied, 2 = somewhat satisfied, and 1 = extremely satisfied) that best reflected their perception (see Table 2 ). For questions three-eight and based on completing the mountainboard student guide, students self-reported on their skill development in the areas of CAD modeling, assembly, analysis, drawing, toolbox, and visualization (i.e. renderings and animations) by selecting a response on a five-point Likert scale (where 5 = much worse, 4 = somewhat worse, 3 = about the same, 2 = somewhat better, and 1 = much better) that best reflected their perception (see Table 3 ). Question nine asked students to select from a provided list any additional lessons/topics that they wished were included in the mountainboard guide (see Figure 3) . Question ten asked students to rank (1 = most wanted to 10 = least wanted) any additional SOLIDWORK functionality/tools they wished were included (see Figure 4) . Both lists were created by the instructor.
The second survey was part three of the four part Classroom Activities and Outcomes Survey, which was developed by the Center for the Study of Higher Education at Pennsylvania State University as part of the evaluation of Engineering Coalition of Schools for Excellence in Education and Leadership. The instrument measured the extent to which the students believed they had made progress in a variety of engineering related skills as a result of taking the course by selecting a response on a four-point Likert scale (where 1 = none at all, 2 = a slight amount, 3 = a moderate amount, and 4 = a great deal) that best reflected their perception (see Table 4 ). It is described in detail by and , therefore this paper provides only a brief description.
The survey items were originally developed to reflect as closely as possible ABET's 11 learning outcomes for undergraduate engineering students. , preformed a factor analysis on the original 27 survey items which produced four factors. Labeled to reflect the general content areas of design skills, problem-solving skills, communication skills, and group skills. This study has used a modified version of part three (http://www.pearweb.org/atis/tools/51) and those same factors in reporting students' selfreported skill gains (see Table 4 ). Notes. 5 = extremely dissatisfied, 4 = somewhat dissatisfied, 3 = neither satisfied nor dissatisfied, 2 = somewhat satisfied, and 1 = extremely satisfied Notes. 5 = much worse, 4 = somewhat worse, 3 = about the same, 2 = somewhat better, and 1 = much better Notes. 1 = none at all, 2 = a slight amount, 3 = a moderate amount, and 4 = a great deal Discussion 90 percent and 100 percent of the students expressed satisfaction with the industry supplied CAD curriculum and instructor created team project respectively (M < 2.00). In general, the instructor saw positive reactions to the sequential tasks of completing the guide and project. The guide helped create an equal playing field in terms of students' CAD skills and knowledge needed to be successful for the project. Students often expressed excitement and enjoyment with the project. Some even proclaimed that even with the large time commitment required to meet project requirements, it was their only instructor assigned project that they had completely finished in school. MET302 is considered a design course and "the nature of design courses allows situations where faculty can interact more often with students than they do in lecturedriven courses and, therefore, have a greater effect on students' learning gains" (Bjorklund et al., 2004, p. 157) . It has also been expressed that design cannot be taught using traditional lecture and discussion methods (Schon, 1990 ).
Results

Mountainboard Project Survey
There are many educational resources (e.g. tutorials) available to teach CAD. However, many are written at a beginners level and/or do not explore the more advanced tools/functionality of the software. The 500-plus page mountainboard guide was different on both fronts. Initially, it looked very intimidating to the students but after completion they expressed gratitude for the comprehensiveness and cohesiveness of the guide. Each lesson built of the last and offered the students a glimpse of what a real world design project may look like. With that being said the students actually wished it offered even more. Sheet metal, plastic part, mold, and weldment design were tied for the most wanted additional/new lessons. When asked to rank a possible list of additional SOLIDWORKS tools/functionality they wished were include in the guide, sheet metal was the clear favorite with six first place rankings and all 10 students ranking it within the top 5.
The self-reported data clearly shows that the students believe they have made progress in a variety of learning and skill development areas as a result of taking the course. Industry supplied CAD curriculum and team project-based learning is shown to impact undergraduate engineering technology students' engineering design, problem-solving, communication, and group participation skills. The instructor considers both activities to be active learning and have positive implications for meeting some of ABET's 11 competencies.
Limitations "The results of this study are limited in many ways. Generalization of findings to other colleges and universities should be approached with caution, as … students participating in the study were not random" (Cabrera et al., 2001, p. 341) . Strauss and Terenzini (2005) , should be referenced concerning limitations and concerns focused on the Classroom Activities and Outcomes Survey and ABET's a-k criteria. The study consisted of a small sample size so generalizability should be limited, but continued data collection will take place in the spring of 2017. Finally, more objective tests, such as standardized tests or demonstrations of skills are often favored over self-reports and could yield different results. However, research suggests that self-report measures of learning can be as valid as objective measures ). Hayek, Carini, O'Day, and Kuh (2002) , state that generally five conditions need to be met to be true:
1. The information requested is known to respondents 2. The questions are phrased clearly 3. The questions refer to recent activities 4. The respondents think the questions merit a serious and thoughtful response 5. Answering the questions does not threaten, embarrass, or violate the privacy of the respondent or encourage the respondent to respond in socially desirable ways
Conclusion
The findings indicate the instructional activities of using an industry supplied CAD guide and an open ended team based design challenge project will not only satisfy the students but produce gains in their design, problem-solving, communication, and group participation skills. All of which are competencies that ABET requires engineering technology graduates to possess. The results support the movement of more active and collaborative learning in the classrooms. However, it still remains that many faculty continue to rely on lecture as their primary, or even their only teaching practice. Based on this case study the author strongly supports the following claim by :
Structuring classroom activities that promote gains in communication, design, and group skills are by their very nature complex. Developing exercises and assignments that call for design-based learning, coupled with the emphasis on constant feedback, will require specialized abilities and knowledge that will, in turn, require training or substantial experience for most faculty members. Strong commitment to faculty development will be needed on the part of engineering departments and colleges to facilitate the constant upgrading of critical teaching skills and techniques (p. 129). 
